X-ray powder diffractometry has been used for the kinetic study ofautoxidation by atmospheric oxygen of synthetic carotenoids at different temperatures (heterogeneous reactions). Peak intensity of a selected diffraction maximum was chosen as a kinetic variable. The results found for fl-apo-8'-carotenal, C3oH400 , showed that X-ray diffraction can be a rapid, simple, and reliable method for the kinetic analysis of autoxidation of carotenoids and perhaps for other materials in the solid state. This could open new perspectives in the study of this type of reaction.
The kinetics of carotenoid autoxidation by molecular oxygen has been widely studied [homogeneous reactions: Bateman (1954) , Bolland (1950) , Ingold (1969) , Walling (1957) ], as it is one of the main causes of the loss of colour in these pigments. However, if the carotenoids are in the solid state, their autoxidation is a heterogeneous reaction (solid-gas system) and their kinetic study must be made from this viewpoint (Finkel'stein, Alekskeev & Kozlov, 1974) . In the present work, the kinetic information on the reaction carotenoid (solid)+ 02 (gas)-~products (solid) has been obtained by X-ray diffraction. This technique was chosen because complete loss of crystal structure simultaneously with total discoloration of original pigments were observed ( Fig. 1 ) and peak intensity changes of a selected diffraction line could be measured during the progress of the reaction. [X-ray diffraction is usually applied to determine the extent of solid-state reactions, but not of solid-gas reactions (Bamford & Tipper, 1969) ].
In the experiments reported here, we used flcarotene, fl-apo-8'-carotenal, and ethyl-fl-apo-8'-carotenoate (C3o), all crystalline powders, kindly supplied by Hoffman-la Roche, Basle, Switzerland. The purity of these synthetic pigments was contrasted by conventional methods. Their X-ray diffraction patterns were registered with a standard Philips diffractometer PW 1051 and goniometer 1050/25, using nickel-filtered copper radiation (2=1-5418 A). Only fl-carotene could be identified from ASTM data (American Society for Testing Materials, 1972) . Crystal data for the other two pigments have not yet been mentioned in the literature. Of all three spectra, the one corresponding to fl-apo-8'-carotenal is the simplest, as can be seen in Fig. 2 (a), which shows its characteristic region ranging from 20=0 to 20= 35 -. The strongest line (20= 5.20 ~) is of excellent quality since it lacks diffraction effects in its environment, making it rather easy to establish its peak intensity. In order to follow the progress of the autoxidation reaction, the pigments were placed in a rectangular specimen holder, thickness 0.3 mm (Klug & Alexander, 1974) , so that diffusion effects might be avoided, and the reaction assumed to take place at the exposed surface of the pigment. The holder was introduced into a controlled-temperature chamber with atmospheric oxygen present. Throughout the experiments a dry and dark environment was maintained. At suitable time intervals X-ray diffraction patterns were recorded. In Figs the crystal structure of the pigments, but rather it destroys its crystallinity. 318 and 328 K. Relative intensity values (peak height) were obtained by a conventional graphical method, averaged over five measurements. For our kinetic purposes the precision and accuracy of this method are reasonably satisfactory. The kinetic analysis of the data is outside the scope of this article; however, Fig. 4 adequately demonstrates the decrease of peak intensity with oxidation time, and the strong influence of temperature on the reaction rate.
In conclusion, X-ray diffraction can be an excellent and new kinetic method for the study of the oxidation reaction ofcarotenoids in the solid state. Owing to the rapidity of the measurement, more and more precise data can be obtained than by other techniques. Additionally, the entire set of kinetic data is obtainable from the same original sample of solid pigment. Finally, this method implies no manipulation or modification of the sample and can provide direct measurement of the oxidation.
On the other hand, although obtaining structural information from powder diffractometry is not simple, approximate assumptions can be made in view of the changes in the diffraction patterns. One can assume that molecules stack in layers and oxidize with no appreciable changes in their packing, producing no crystalline compounds. Work along these lines is in progress at present.
